Abstract Gefitinib, an epidermal growth factor receptor tyrosine kinase inhibitor, has shown both anti-proliferative and anti-tumoral activity in breast cancer. This study was designed to determine the effect of adding gefitinib to neoadjuvant epirubicin and cyclophosphamide (EC) on tumor response rates. Women with unilateral, primary operable, estrogen receptor negative invasive breast cancer C 2 cm were eligible for inclusion. Randomized patients were to receive four cycles of neoadjuvant EC plus 12 weeks of either gefitinib (250 mg daily) or placebo. Primary endpoint was pathologic complete response (pCR), and secondary endpoints were complete response (CR) and overall objective response (OR). 181 patients were randomized. A pCR was observed in 17% (12/71) of patients treated with gefitinib and in 12% (9/73) of patients treated with placebo (4.57% difference, 95% CI -7.19 to 6.33; P = 0.44). CR was observed in 10% of patients in both the gefitinib (7/71) and the placebo group (7/73) (0.27% difference, 95% CI -9.6 to 10.2; P = 0.96). There was no significant difference in OR (5.96%; 95% CI -9.9 to 21.9; P = 0.45) between the two groups. Post hoc subgroup analysis showed a significant difference in pCR between triple negative breast cancer (TNBC) and non-TNBC tumors (P = 0.03). More patients in the gefitinib arm had hematological toxicity (P = 0.15) and discontinued treatment (9/94 vs. 2/86) because of adverse events (AE). Tumor response rates were similar in the two groups. A significantly higher pCR rate was observed post hoc in TNBC versus non-TNBC independent of treatment. More patients in the gefitinib group discontinued treatment because of AE.
Introduction
The long-term outcome of NAC has been investigated in large randomized trials, which neither have been able to detect a difference in disease free survival (DFS) or overall survival (OS), when compared to adjuvant chemotherapy [1] [2] [3] [4] .
Systemic NAC may result in local tumor regression or even pathologic complete response (pCR). The complete eradication of detectable tumor is a prognostic marker, associated with improved outcome [2, [5] [6] [7] . Tumors with absence of estrogen (ER) and progesterone (PgR) receptors have higher response rates to NAC and are more likely to achieve a pCR [5, 6, 8, 9] . Epidermal growth factor receptor (EGFR) is a transmembrane receptor with tyrosine kinase activity, which stimulates a series of intracellular pathways responsible for cell proliferation, downregulating apoptosis, invasion, metastasis, and angiogenesis [10, 11] . Although studies have demonstrated an inverse relationship between the expression of ER and EGFR [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and suggested a connection between EGFR and the basal-like phenotype [12, 15, 16] , the function and clinical significance of EGFR in breast cancer are still poorly understood. Preclinical in vivo [7, 17] and in vitro [7, 13] studies have shown that gefitinib (Iressa Ò , Astra Zeneca), a selective EGFR tyrosine kinase inhibitor, exhibits anti-proliferative and anti-tumor activity in breast cancer. Although anti-EGFR agents, like gefitinib, exert their effect through the EGF receptor, a connection between EGFR expression and the clinical activity of the EGFR directed drugs has not clearly been demonstrated [11, 17, 18] . Amplifications and mutations of EGFR are rarely seen in breast cancer [11, 12, 19, 20] thus limiting their clinical utility as predictive markers. Furthermore, it is hypothesized that gefitinib can both potentiate the effect [7, 17] and cause a reversal of resistance to anthracycline [21] .
Triple-negative breast cancer (TNBC) is characterized by the lack of expression of ER, PgR, and human epidermal growth factor receptor 2 (HER2), and has been associated with an increased pCR rate compared to non-TNBC [22] .
NAC-containing anthracycline has by far been the most extensively studied cytotoxic combination, and the combination of epirubicin and cyclophosphamide (EC) for a duration of 4-6 cycles is an effective regimen and remains a standard in neoadjuvant treatment of breast cancer patients [2, 23, 24] . The anthracyclines, epirubicin, and doxorubicin have similar cytotoxic effect and have been combined with and compared to other cytotoxic drugs, with no combination clearly being superior to the other [23, 24] . With the introduction of molecular targeted drugs into cancer treatment, there are a great number of agents for evaluation in combination with anthracycline and taxanebased therapy, with the objective of increasing the pCR rate.
This randomized phase II trial (NCT 00239343) was designed to compare pCR after four cycles of EC plus gefitinib to four cycles of EC plus placebo in patients with ER negative breast cancer.
Patients and methods

Study design
NICE was a Nordic phase II, multicenter, two-armed double-blind randomized trial involving 12 centers in Denmark, Norway, and Sweden examining the effect of adding gefitinib to EC. In addition, a correlative science study was conducted including blood samples and tumor biopsies taken before and after four cycles of EC and gefitinib or placebo. Results from the correlative science studies will be reported elsewhere.
Ethical committees approved the study protocol and the study was conducted according to the Helsinki declaration. All study participants provided written informed consent.
This trial is registered on the ClinicalTrials.gov website, NCT 00239343.
Patients
Eligible patients were women with unilateral, primary operable, ER negative invasive breast cancer C2 cm. Exclusion criteria included inflammatory breast cancer, involvement of skin or muscle, involvement of supraclavicular lymph nodes or evidence of distant metastases, a history of unstable or uncompensated respiratory, cardiac, hepatic or renal disease.
Patients were randomized sequentially in a 1:1 ratio when eligibility had been established.
Treatment
Patients were randomly assigned to either four cycles of EC (epirubicin 90 mg/m 2 and cyclophosphamide 600 mg/m 2 ) plus 12 weeks of daily treatment with gefitinib 250 mg or EC plus 12 weeks treatment with placebo. Chemotherapy was administered every 3 weeks.
Gefitinib and placebo tablets were of identical appearance and package, and no personnel with direct connection to the study had access to randomization code or unblinded data until database had been unlocked.
Treatment with chemotherapy was postponed, if blood counts on day 1 showed leukocytes below 2.5 9 10 9 /l or platelets below 50 9 10 9 /l, until these values were again reached. Unless reached within 2 weeks or following febrile neutropenia grade 4 or leucopenia grade 4, epirubicin was reduced by 15 mg/m 2 and cyclophosphamide by 100 mg/m 2 in subsequent courses. Other toxicities related to epirubicin and/or cyclophosphamide were handled at the investigators discretion. Dose interruptions for up to maximum 14 days were the first approach to managing toxicity related to gefitinib. Dose reduction for gefitinib was not allowed.
After four cycles of EC and placebo or gefitinib, patients underwent mastectomy or breast conserving surgery, including surgical removal of residual tumor and surrounding tissue. Postoperatively, patients received additional chemotherapy, trastuzumab, and radiotherapy, according to local guidelines.
Assessments
Upon study entry and prior to surgery, tumor assessment consisting of breast palpation, mammography, and breast ultrasonography was performed. In case of disagreement regarding tumor size, the ultrasonography prevailed. Blood samples and core biopsies were taken before initiation of trial medication. Breast palpation was also performed before each series of chemotherapy. A medical history including assessment of adverse events (AE) and a clinical examination were recorded at each 3 week visit.
Endpoints
The primary endpoint was pCR defined as no evidence of invasive cancer in the breast.
A central review of pathologic tumor response in all patients was conducted on tumor sections or blocks by one independent pathologist (EB) at Department of Pathology, Herlev Hospital, Copenhagen. The independent pathologist's decision on pathologic response was used as final assessment.
Secondary endpoints were complete (CR) and overall objective tumor (OR) response as assessed by the response evaluation criteria in solid tumors (RECIST) criteria. CR was defined as complete disappearance of tumor. A tumor regression of [30% was defined as a partial response (PR), whereas tumor progression [20% was considered progression of disease (PD). A tumor that neither fulfilled the criterion for PR or PD was considered stable disease (SD).
All secondary endpoints were reported by the investigators.
The severities of AEs were graded according to the National Cancer Institute Common Toxicity Criteria (NCI CTC vs. 2.0).
Immunohistochemistry and fluorescence in situ hybridization
ER and PgR immunostaining were carried out according to local guidelines prior to inclusion and classified as negative if less than 10% of cells were stained. Frozen and formalinfixed paraffin-embedded (FFPE) tumor tissue was collected at baseline and at the time of definitive surgery.
All FISH analyses were performed at the Department of Pathology, Herlev Hospital, Copenhagen. HER2 copy number was visualized by FISH (HER2 pharm Dx TM , Dako, Glostrup, Denmark) according to the manufacturer's instructions. Tumors were scored as HER2 positive or amplified when the gene to centromere 17 ratios was C2.
Statistical analysis
This trial was designed to demonstrate that the addition of gefitinib to an EC regime would increase the pCR rate. We estimated that 77 patients per arm would be needed in order for the study to have a 90% power to detect a standardized difference of 0.526 at a two-sided 5% significance level in a given parameter.
All patients that were enrolled, randomized, and received study treatment were considered the intention to treat population (ITT). The analysis population for all efficacy endpoints was the per protocol population (PP) and for the safety endpoints the ITT population was used for analysis. The PP consisted of those subjects from the ITT population that were not major protocol deviators, and subjects included in the PP were to be fully evaluable; adequate tumor sample for histological analysis at baseline and at surgery. Patients who completed treatment but had poor compliance, defined as number of missed doses exceeding 20% and/or less than 10 consecutive days of treatment immediately prior to surgery at 12 weeks, were considered major protocol deviators and excluded from the PP. Prior to unblinding, protocol deviators, major and minor, were identified to ascertain the PP population.
The primary and secondary variables were analysed by a Chi-square test to find the percentage of patients responding in the two groups and a P-value for the difference. The Fisher's exact test was used in subgroup analysis, to evaluate differences in pCR between triple negative and non-triple negative tumors.
Results
A total of 181 patients were randomized from October 2004 to May 2007 into this study (Fig. 1) . One patient randomized to the placebo group discontinued the study before receiving any treatment, leaving 180 patients in the ITT population; comprising 94 patients assigned to the gefitinib group and 86 assigned to the placebo group. Baseline characteristics were well balanced in the two groups, but HER2 amplification was more common in the placebo (37.2%) than in the gefitinib (23.4%) group (Table 1) .
In all 158 patients completed treatment, while the remaining 22 (12.2%) patients discontinued treatment due to adverse events (AE) (11 patients), progression of disease (3 patients), non-eligible (4 patients), and other reasons (4 patients). Another 14 patients, who completed treatment, were retrospectively identified as major protocol deviators and excluded from the PP leaving 144 subjects in the PP, comprising 71 patients in the gefitinib group and 73 in the placebo group. Major protocol deviations leading to exclusions included primary tumor under 2.0 cm (8 patients), primary tumor being ER positive (5 patients), and safety reasons (12 patients) ( Table 2 ). Patients with primary tumor being either \2.0 cm or ER positive were erroneously included.
Tumor parameters
The mean tumor size, measured by palpation, mammography, and ultrasonography was comparable between the two treatment groups, with ultrasonography showing a mean diameter of 3.0 cm (range 2-8 cm) in gefitinib treated patients and 3.3 cm (range 2-12 cm) in the placebo group. Table 3 summarizes baseline target tumor evaluation (RECIST criteria) for the PP.
Tumor response
All tumor response data have been reviewed centrally, showing only minor deviations compared to investigators' data. All tumor response data presented are investigators.
No significant differences in response across the evaluation parameters were recorded at the time of surgery among the treatment groups. Table 4 summarizes pathologic and clinical tumor responses in the PP population.
Pathologic complete response was observed in 17% of patients treated with gefitinib (12/71) and in 12% of patients treated with placebo (9/73) with a difference of 4.57% (95% CI -7.19 to 16.33; P = 0.44). There was no difference in CR as this was observed in 10% of patients in both the gefitinib (7/71) and placebo group (7/73) with a difference of 0.27% (95% CI -9.61 to 10.2; P = 0.96). The ITT population showed similar results (P = 0.86).
A non-significant difference in OR (5.96%; 95% CI -9.94 to 21.86; P = 0.45) was observed between the two groups, with a tumor response observed in 68% (48/71) of No study drug n = 1
Intention to treat analysis set n = 180 n = 94 n = 86
Discontinued treatment n = 22 n = 15 n = 7
Completed treatment n = 158 n = 79 n = 79
Major protocol deviation n = 14 n = 6 n = 8
Per protocol analysis set n = 144 n = 73 n = 71 Fig. 1 Analysis sets patients treated with gefitinib, 62% (45/73) in the placebo group, and 65% (93/144) combined. At the time of surgery, a PD was observed in two patients in the placebo group (2/73, 2.7%) and in 5 (7.0%, P = 0.23) patients treated with gefitinib.
Post hoc subgroup analysis showed a significant difference (P = 0.03) in pCR between TNBC and tumors that were either HER2 and/or PgR positive independent of treatment. 12 of 82 TNBC (gefitinib: 7/41, placebo: 5/41) achieved a pCR (15%) compared to 1 of 48 that were non-TNBC (2%). TNBC status could be established on 130/144 tumors. A pCR was seen in 8 of the 14 tumors, where TNBC status could not be established. PP Per protocol, SD standard deviation Table 4 Clinical and pathologic tumor response, PP 
Toxicity
The addition of gefitinib was associated with a higher incidence of AEs and the most frequently reported in both groups were nausea, alopecia, and fatigue. The incidence of diarrhea and rash/acne/dermatitis were more frequent in the gefitinib group (49, 52%), than in the placebo group (17, 20%), and were the most common reported AEs leading to discontinuation and they were reported only in the gefitinib group. More patients from the gefitinib group (9/94) discontinued treatment, than in the placebo group (2/86), due to AEs. The patients in the gefitinib group suffered more serious adverse events (SAE) than patients in the placebo group. Febrile neutropenia was observed in 17 of 94 patients (18.1%) in the gefitinib group and in 8 of 87 patients (9.2%) from the placebo group. No deaths were reported. The most frequent SAE's and their distribution across the treatment groups are listed in Table 5 .
Discussion
The addition of gefitinib to EC in a neoadjuvant setting was expected to increase the rate of pCR. This expectation was based on preclinical studies showing that gefitinib had both anti-proliferative and anti-tumor activity, as well as indicating a synergy between gefitinib and anthracycline [7, 13, 17] . Our results demonstrate that the EGFR inhibitor gefitinib does not increase pCR rate in a neoadjuvant setting among ER negative breast cancer patients. Furthermore, the addition of gefitinib to an EC regimen did not result in an increase of CR or OR rates, therefore not supporting a possible synergy between gefitinib and anthracycline.
The addition of gefitinib to EC resulted in an increase in toxicity, and discontinuations of treatment due to AEs were more frequent in the gefitinib group (9/94) than in the placebo group (2/84). More importantly, the incidence of SAE's was higher in the gefitinib group, due to more episodes of febrile neutropenia. Other studies, that have reported on adverse events with gefitinib, have not observed a higher incidence in hematologic toxicities in the gefitinib arm, but otherwise reported similar adverse events [10, 25] .
With no other antineoplastic treatment than the study drug, administered before or during the study, the results are without influence from other therapeutics, and therefore resemble the direct effect of EC with and without gefitinib on both primary and secondary endpoints. This trial had a biological hypothesis, and the outcome is a strong indicator for no further evaluation of gefitinib in this setting. Amplification of HER2 has been associated with sensitivity to anthracycline [26, 27] and a higher proportion of HER2 amplified tumors in the placebo group could indicate a randomization problem and have concealed an effect of gefitinib. The latter though, seems unlikely since only 2 patients, in both the geftinib group (17%) and the placebo group (22%) that obtained a pCR were HER2 amplified.
Molecular profiling methods have been used to identify clinically relevant subtypes and propose a new classification of breast cancer. The subtypes are defined by their genetic expression profiles and include: normal breast-like, luminal-like A, luminal-like B, HER2 positive, and basallike subtypes. Studies have suggested a connection between the basal-like subgroup and overexpression of EGFR [15] . Although, no connection between EGFR expression and response to anti-EGFR therapy [10, 11, 17] has been demonstrated, choosing a different subgroup of patients, other than ER negative, might have been more appropriate, but remains unclear and needs further scientific investigation. As of now, there is no clear way to select patients that would benefit from anti-EGFR treatment in breast cancer [12] . However, post hoc subgroup analysis of our data showed that TNBC were more likely to achieve a pCR than non-TNBC, which is in line with a previously published study [22] . Additional biomarker studies, which might add information on how to select appropriate patients, are in the progress.
The results of our study are similar to other neoadjuvant studies with regard to both clinical response and pCR. Others have previously reported similar pCR rates between ER positive and ER negative tumors in a prospective neoadjuvant trial [28] , but a higher OR in an ER negativebased patient group was expected, since several studies [5, 6, 8, 9] , in sub-group analysis, have showed that ER negative tumors are more sensitive to chemotherapy than ER positive tumors. We did not observe an improved combined OR in our trial, as a OR of 65% is in accordance with studies [5, 6, 8, 9 ] that included patients with mixed ER status.
Whether or not, as indicated by others [12] [13] [14] , an inverse relationship between EGFR and ER expression exists, awaits conduction of further gene expression analysis. If such an inverse relationship exists, the mechanism of action of gefitinib may be, as anticipated by others [10, 11, 17, 18] , more than simple inhibition of the EGFR tyrosine kinase. A combination regimen, consisting of anthracycline and taxane-based chemotherapy is now the treatment of choice for neoadjuvant treatment of breast cancer, since both the NSABP-B27 and the Gerparduo trials showed increased pCR rates with the addition of a taxane [6, 9] . Whether this increase in pCR will improve long-term patient outcome is still unknown. In our study, patients were given postoperative chemotherapy by investigators choice.
Molecular targeted treatment provides opportunities for these agents to be added to chemotherapeutic regimens, but still requires assessment and monitoring of molecular, pathologic, and genetic markers that may or may not predict response to a specific regimen. So far, anti-HER2 treatment is the only molecular targeted drug that has demonstrated effect in randomized neoadjuvant breast cancer trials [28] and since a clinical benefit of treatment with EGFR inhibitors in breast cancer patients has not been established, there is a need for identification and clinical validation of useful criteria for selecting patients that potentially could benefit from such treatment.
